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8b. Experimental results (ZFE length)

The mean and standard deviation distributions of the concentration along the jet-axis are shown
below. The mean concentration should be constant within the ZFE but here is rising probably due
to the fact that the initial concentration of R6G (=50ug/l) is high for the laser to pass through in a
small area around the nozzle. Also, the distributions of the standard deviation do not show a
successive decrease. This is because they are normalized with the maximum standard deviation
observed within the ZFE which varied (measured 30 to 45% of the C,, ).
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Figure 4: Instantaneous, time-averaged and RMS images (green and gray images, left). Normalized mean and standard
deviation distributions with their maximum values (middle and right figure, respectively) at a distance of 2 cm (within the
ZFE), 5 cm (around the end of ZFE) and 10 cm (outside the ZFE) from the nozzle.

Figure 6: Mean C,, (left) and standard deviation C (right) distributions (normalized with their maximum values C_ and

OF, /467
eor Csemax TESpECtively) along the jet-axis, from the 15 experiment (D=0.5 cm). For Li see section 7.

Note that foru,

4. Experimental set-up

An experiment using planar laser-induced fluorescence (PLIF) visualization is set at the
laboratory of Applied Hydraulics of the NTUA in order to determine the geometric

7. Experiments performed

Here, the initial conditions of the conducted experiments as well as the measured x,, are presented.

Exp1l No 1 2 3 B 5 6 7 8 9 10 11 12 13 14 15 [ 16° | 17°
D (cm) 0.5 Frames 360 | 244 | 508 | 508 | 510 | 521 | 511 | 509 | 510 | 507 | 508 | 473 | 449 | 515 | 621 | 459 | 508

8c. Experimental results (graphs)

Graphs with all the measured ZFE lengths are presented below. It is observed that as Re
increases, distance x, decreases (with the exception of x, ,, and x of the 3' experiment). Also,

3a. Literature survey (experimental values)
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graphs of the researchers noted above with a certain degree of tolerance. The axes
of the graphs are V/V; and x,/D, where V is the mean axial jet-velocity and D the
nozzle’s diameter (where the subscript 0 denotes the exit of the orifice).

Figure 1b (left): Several researchers have measured the ZFE length indicating only

characteristics (intrusion length and shape) of the core. The experiment is set-up as follows:
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experlment st—up .(NTU 7 , Eabortry of

A jet is heated (buoyant) and dyed with a
rhodamine 6G (R6G) substance and then
exits from a nozzle of diameter D to ambient
water of lower temperature.

A DPSS 1 W laser beam at 532 nm
wavelength (green), is converted to a thin
laser light sheet via a rotating prism mirror
(at 20 kHz). R6G emits 556 nm light (yellow)
when excited by the 532 nm light making
visualization possible.

A high resolution video-camera is then used
to videotape the flow field. In this manner,
the light intensity of R6G (measured through
the RGB 8bit frame format of the camera) can
be converted to concentration.

The camera is set at the plane of symmetry of the jet, at a distance of at least 0.75xD meters from
the nozzle, so as to achieve a window-view height greater than 10 diameters. The width of the
window is chosen to be at least 3 diameters long to capture the jet expansion (at an angle of 12°-
15° with respect to jet axis). Each video lasts around 25 sec, and is recorded at 12 frames per
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Figure 7: Measurements of the ZFE length versus Reynolds number taken from the experiments described above. Only
values of green and yellow (symbolized with *) labels are presented.
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8a. Experimental results (geometrical ZFE shape)

The outline limit of the ZFE is shown below. The geometrical shape of the ZFE is close to a
conical one (for the instantaneous and time-averaged images) and to a ballistic one (for the RMS
image). One can observe from the RMS image, that flow fluctuation (turbulence) is initiated at jet
nozzle elevation. This is not easy to observe from the two other images, therefore one can
erroneously claim that transition to turbulence occurs at higher elevations.
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